Cambodia fully supports the global efforts to reduce Greenhouse Gas (GHG) emissions, although the country's emissions are regionally and globally insignificant. The country has counted the Low-Carbon Development as a win-win approach to help Cambodia avoid pervasive economic growth models by increasing energy efficiency, promoting renewable energy, and reducing environmental pollution and GHG emissions, while sustaining social and economic development. This study proposed a scenario for a quantitative and systematic design of low-carbon development in Cambodia towards 2030 with a focus on energy policy. The Extended Snapshot Tool (ExSS) was used to project quantitative future activities and CO 2 emissions and reduction potentials, and to identify low-carbon measures to be implemented to achieve the above-mentioned goal. The results of this study yield that CO 2 emissions are projected to increase to about 23.28MtCO 2 /year (5.5 times) in 2030BaU compared to around 4.22MtCO 2 /year in 2010. The effective implementations of low carbon measures, CO 2 emissions are expected to reduce by about 12.83MtCO 2 /year (about 55.10%) in 2030CM. Given the limited research in Cambodia, the results of this study are expected to be used to formulate a low-carbon development policy of this country.
INTRODUCTION
Climate change has become one of the greatest risks facing humanity and a high priority of global concern in the 21 st century 1), 2) . The ultimate goal of the United Nations Framework Convention on Climate Change (UNFCCC) is to prevent dangerous anthropogenic interference with the climate system 3), 4) . On this, the international communities agreed that this goal corresponds roughly to limiting the global mean temperature rise to stay below 2 o C from preindustrial levels 3) . Total national Greenhouse Gas (GHG) emissions in Cambodia were around 219ktCO 2 eq./year in 2000, which contributed too little to the total world's emissions in 2000 5), 6) . Thus, Cambodia doesn't have any obligation to reduce GHG emissions 1),4), 5) . However, it was suggested that the participation of non-Annex-I Parties of the UNFCCC including Cambodia should be important to contribute to the global effort to achieving the emission reduction target 4), 7) . Several studies on GHG emissions and reductions in Cambodia focused mainly on the waste sector 8), 9) and industry 10) limited to the energy sector as a whole. Meanwhile, to address climate change, Cambodia developed several national policies and strategies related to low-carbon development (LCD) such as Cambodia climate change strategic plan (2014-2023) 1) , the Second national communication 5) , Energy efficiency 10) , Technology need assessment for climate change mitigation 11) , and National strategic plan on green growth (2013-2030) 12) , etc. However, Cambodia has not, so far, developed a concrete low carbon development policy.
Therefore, it is a good time to propose a scenario for a quantitative and systematic design of lowcarbon development in Cambodia with a focus on the energy policy. It is the first study to observe a feasible design of low-carbon development in Cambodia, which is expected to use as a fundamental insight for the government to formulate concrete climate change mitigation policy and low carbon development in the future. This study estimates only CO 2 emissions, while other non-CO 2 emissions from the energy sector were considered insignificant 5) .
The main objectives of this study are: (1) to propose appropriate low carbon energy measures, (2) to quantify the socioeconomic parameters and project CO 2 emissions towards 2030, and (3) to conduct a systematic and quantitative assessment of CO 2 emissions and reductions by using a quantitative methodology.
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METHODOLOGY OF THE STUDY (1) Overview
This study consisted of two stages: 1) Preparing and adjusting the tools for the Cambodian study to quantify projections, and 2) Identifying the low-carbon measures based on the projected quantitative information for developing a future sustainable society. For this study, we adopted scenario analysis. We use the word "Scenario", as a plausible description of how the future may develop based on a coherent and internally consistent set of social, economic, and industrial assumptions about key driving forces and relationships. This characteristic well suits for the study of the LCD.
The scenarios developed in the study are valuable material for decision makers to design an LCD with several images of the future based on the different assumptions of socioeconomic indicators and the decision makers can select one of the scenarios, which is best suitable for socioeconomic development and lower CO 2 
emissions in Cambodia
To provide quantitative information on macrosocioeconomic and environmental variables, the Extended Snapshot (ExSS) tool 13) , which has been applied to some Asian countries 14) ,15),16),17), 18) , was applied. Referring to Figure 1 , the ExSS tool was used to estimate CO 2 emissions from energy consumption. In order to estimate the activity of industrial, commercial, and residential sectors related to macro-socioeconomic framework, an input-output approach is applied, and adjustments of parameters are made to reflect the real economic structure of Cambodia. Using these sectoral activities coupled with energy device characteristics, energy consumption and CO 2 emissions are calculated. See (Gomi and Fukuda, 2010) 13) for more detail. Based on the prescribed changes in population and the number of households, gross domestic product (GDP), industrial structure, employment, passenger and freight transport, and energy consumption, the ExSS tool can project CO 2 emissions at present and in the future in a consistent way to assess the impact of low-carbon measures in Cambodia 13) . Given the limited country information, additional calculations and assumptions were made to apply the model; for instance, estimation of transport demand, structural quantification of detailed energy demand, projection of demography and economy and so on based on available data, historical trend, and professional insight as well as discussions with national experts.
The data estimations and assumptions in this study were primarily based on relevant government documents and a series of discussions with key government officers and involved institutions to make the estimations and assumptions more reliable and acceptable for envisioning the country future development pathway. The procedures to acquire these assumptions were made in three steps.
First, relevant documents were collected and discussed with involved persons to ensure the validity and applicability.
Second, workshops were organized to disclose a preliminary estimation and to collect further comments and inputs from the participants to improve the assumptions and estimations.
Third, intensive interviews with relevant government officials and experts were conducted. Table 1 above shows lists of some collected  documents and the interviewees, while Table 2 indicates two workshops held for collecting inputs and comments as well as for disclosing the adjusted results to design an LCD in Cambodia.
(2) The steps of the methodology:
The methodology covers the following steps: 1) Setting framework: a framework of an LCD scenario includes target area, base year, target year, environmental target and the number of scenarios;
2) Assumptions of socioeconomic situations: population, GDP, etc., before conducting more detailed quantitative projection, qualitative future images should be designed. They are images of lifestyle, economy and industry, land use, and so forth;
3) Quantification of socioeconomic assumptions: to estimate a future snapshot of a society based on the future image of 2), values of exogenous variables and parameters are estimated. Using those inputs, the ExSS tool ( Figure 1 ) calculates socioeconomic indices of the target year such as composition of GDP, output by industry, transport demand, and so forth; 4) Collection of low-carbon measures: to be implemented by the target year; for example, high energy-efficiency devices, public transport, the use of renewable energy, and energy saving behavior and conservation, and so on; 5) Setting introduction of low-carbon measures by the target year: technological parameters related to energy demand and CO 2 emissions, energy efficiency, and so on are listed; 6) Projection of CO 2 emissions by the target year: based on socioeconomic indices and assumptions of measures introduced, CO 2 emissions are calculated; and 7) Proposal of low carbon development policy: proposed policy sets to introduce the measures introduced. The ExSS tool can show reduction potential of each low-carbon measure. It can identify measures, which have high reduction potentials and important. In this study, numbers of concrete low carbon measures introduced to reduce energy demand and CO 2 emissions are shown in Table 3 .
(3) Framework of the scenarios
For the purpose of this study, the ExSS tool is used to estimate the snapshots of CO 2 emissions only in 2010 and 2030. This study chose 2030 as the target year because the government sets this year as a key milestone to advance economic development (to be an upper-middle income country 19) ). Besides, several projected data are available in that year, including population growth 20) , GDP growth 19) , 21) , energy demand by sectors 22) , sources of power supply 23) , etc. The future energy-oriented CO 2 emissions are estimated with 2010 as the base year and the projection is based on two scenarios: -2030BaU (business as usual): without additional low-carbon measures besides the existing government's plans" in 2030; emissions. In this study, residential, commercial, industrial, passenger and freight transport, and the power sector are considered as emission sectors, and thus the low-carbon measures are introduced into these sectors. This study shows the potential reduction of CO 2 emissions in 2030CM compared to 2030BaU by adopting feasible and efficient low-carbon measures. Since there is no commitment for emissions reduction in Cambodia, no specific emissions reduction target is assumed in this study. The potential emissions reduction is projected. It will provide important information for Cambodia to specify CO 2 emissions reduction target and formulate concrete climate change policies in the future.
Figure 1: The structure of the ExSS tool (4) Low carbon measures
In order to reduce energy demand and CO 2 emissions in the target year (2030CM), this study introduced a list of low carbon measures (Table 3) , which were sorted out from the existing government documents 5),10),11),23), 24) and made intensive discussion during the workshops as shown in Table 2 and subsequent discussions with the relevant persons as listed in Table 1 . Also, they uniformly argued that the selection of low carbon measures must be in line with national sustainable development objectives and provide highest development benefit to the people even if no concrete target of reduction exists 1),5),11), 12) . The government declared that implementation of energy saving behaviors such as turning on air conditionings at 25 o C and off 30 minutes prior to leaving the office, and plug out all devices when stopping usage, etc. could save energy upto 20% 10) and also reduce budget expenses. 
THE PRESENT AND FUTURE SOCIOECONOMIC ASSUMPTIONS
In order to calculate energy demand and CO 2 emissions, several quantitative socioeconomic assumptions were required as a premise. Table 4 shows the assumptions of socioeconomic indicators, which cover both exogenous and endogenous variables of Figure 1 . They were used as inputs to the ExSS tool so as to estimate energy demand and CO 2 emissions as explained in the result chapter.
(1) Population and households
The total population of Cambodia was about 13.96 million in 2010, which was about 2.3% of the Southeast Asian population 25) . At that time, 19.5% and 80.5% were living in the urban and rural areas, respectively. Cambodia's population projection towards 2030 was collected from the National Institute of Statistics (NIS) of Cambodia, where it was projected to reach about 18.39 million 20) . The number of households in 2010 was about 3.0 million--0.6 million were urban and 2.4 million were rural 25) and were expected to increase to about 4.2 million in 2030 26) . It was observed that the average persons per household both in the urban and rural areas had gradually decreased from 5.5 and 5.1, respectively, in 1998 to 4.8 in 2010 20) . The number of persons per household in the urban areas had decreased rather higher than the rural ones and this trend is expected to remain constant as they want to move from the extended family to the nuclear one thanks to family management, job competition, and economic development 26) . Therefore, this study assumed that the average persons per household will decrease to 4.2 persons in the urban areas and to 4.5 persons in the rural areas in 2030. (2) Macro-economy (a) GDP growth Cambodia's economic growth bases primarily on agricultural, industrial, and service sector. The highest contributor to the GDP was the service sector, followed by the agricultural and industrial sector in 2010 20) . Cambodia had experienced the average annual GDP growth of around 7.7% from 1994 to 2011 19) , 20) , while another 7.2% was retained between 2013 and 2014 27) . The government recent forecast that Cambodia would reach the status of an upper-middle income level by 2030 19) . This commitment encouraged the country to keep a strong and constant annual GDP growth of around 7.0% 19) . This study assumed the average annual GDP growth between 2010 and 2030 to be similar to the government's projection, which is 7.0% 19) . We did expect that the assumed GDP growth will be plausible as the government planned to increase labor market, to improve infrastructure to facilitate trade, expand and enhance industrial development, to increase value added from agriculture, and to improve investment climate 19 ), 21) . Moreover, the government also planned to exploit oil resources from the seabed in the near future 19) . The GDP per capita was projected to increase from around 833USD (at 2010 current price) in 2010 20) to around 2,448USD/year, which is similar to that of the Philippines in 2013 (2,496USD/year) 28) .
(b) Industrial structure
The ExSS tool applies the Input-Output (IO) analysis to determine the future industry structure. Since there was no information on the IO table in 2010 in Cambodia, it was converted from the IO table in 2008, which was constructed by Sophal and Sothea 29) . The IO table in 2008 consisted of 22 sectors and was aggregated into a competitive import type, which means the value of supply for domestic demand is the combined sum of domestic goods and imported goods 20) . An IO table conversion tool was used to estimate the new IO table. The tool was used to convert IO 2008 to IO 2010 and to do so, some economic data of the IO 2010 such as "value added, gross domestic fixed capital formation, export, import, and private and Government consumption and expenditure" were required as controlled totals. See (Mao et al, 2015) 31) for more detail. A cross-entropy method, which is a methodology to minimize the distance between the two IO tables (to make IO 2010 close to IO 2008), under constraints of controlled totals 32) , was used in the adjustment calculation under input value and constraints, it formalized as a nonlinear programming problem, which makes an objective function the minimum. Since Cambodia has not projected the detail economic development structures, we used the information from relevant government development strategies and plans and other countries' experiences, which have higher economic development status, such as Thailand and Malaysia where their economic developments are mainly relying on the secondary and tertiary industry 14) , 15) . Since the government is planning to shift from a low-income country to an upper-middle income level by 2030 19) , the secondary and tertiary industry is expected to grow substantially. The government also stressed that the country would promote the diversification of the secondary industry base and promotes further development of small and medium enterprises 19) . Hence, this study assumed that the share of the primary industry in private consumption decreased and substituted by the increase of goods and services of secondary and tertiary industries in 2030. Similarly, the share of the primary industry in export is assumed to decrease and is substituted by the increase of the secondary industry, while the tertiary industry is assumed to remain the same as in the base year. The percentage distribution of government consumption and expenditure and gross fixed capital formation in 2030 is assumed to remain the same as in the base year.
(c) Final demand
Final demand sectors comprising private and government consumption and expenditure, gross fixed capital formation, and export in 2010 were collected from (NIS) 20) and are assumed to increase to be similar to the GDP growth between 2010 and 2030 19) , which is 7.0% annually.
(3) Transport demand
CO 2 emissions from the transport sector in Cambodia is insignificant due to the limited transport infrastructure and low economic development 5), 24) . However, it is expected to increase considerably in the future because the government has plans to invest in transport infrastructure and to improve trade facilitation 19 ), 24) . Two types of transport systems (passenger and freight) are described in this study.
(a) Passenger transport
Passenger transport demand (Million pass.km/ year) is estimated by multiplying the population (person) by the trip generation per person per day (trip/(person.day)), modal share (%*100), average trip distance (km/trip), and the days in a year. This study assumed that the trip generation in 2010 was 2 trips/(person.day) and is expected to remain the same in 2030. The modal share of each passenger transport is estimated by the number of trips of each mode (trip/year) divided by the total number of trips.
The share of motorized vehicles is assumed to be similar to the projected increase of the number of motorized vehicles. The number of motorbikes had increased about 9.5 times between 2000 and 2010 and during that time the population growth of around 1.6 times 20) . The notable increase of the number of motorbikes was observed from 2005 to 2009; however, it started decreasing from 2010 onward 20) . Thus, we assumed that the number of motorbikes will grow slower in the future, which is similar to the projected population growth. Similarly, the number of tourist cars was observed to increase around 2.9 times between 2000 and 2010 20) and is expected to remain constant in the future. Hence, this study assumed that the number of tourist cars will continue to grow in the future. Similarly, the number of buses was observed to grow around 2.5 times between 2000 and 2010 20) and is expected to remain constant in the future as the government is introducing public bus systems in Phnom Penh and is planning to expand to some other major cities 21), 24) . Hence, this study assumed that the share of motorbikes will increase by about 2 times in 2030BaU from the base year. The share of tourist car is assumed to increase about 3 times, while the share of buses is assumed to increase about 2.5 times in 2030BaU.
Since the government is planning to improve all means of transport and to expand some other means; for instance, the government is renovating the existing railways and will expand several more in the future 19) . The government is also planning to introduce commuter light trains in some major cities 19 ), 21) . It was also indicated that the railway sector, the smallest mode in 2010, is expected to grow between 7.0% and 12.0% by 2030 33) . Besides, the government is planning to renovate several more domestic airports, especially in the tourist attractive provinces 34) . The government is also improving inland waterway infrastructures to facilitate the ship navigation 34) . As indicated above, we assumed that the share of trains, which contributed to about 20.0% before 2005 35) , will contribute to about 7.0% in 2030BaU. Moreover, this study assumed that the share of airs and ships will increase by about 2 times, while the share of bicycles and walks is assumed to decrease in 2030BaU compared to 2010.
Under low carbon measures, the share of motorbikes and cars is assumed to decrease; conversely, the share of buses, ships, and trains is assumed to increase in 2030CM. Meanwhile, the share of airs is assumed to remain the same as in the BaU. The share of walks is assumed to increase, while the share of bicycles is assumed to decrease. The information on the average trip distance of motorized vehicles was estimated from the data collected from the Ministry of Public Works and Transport (MPWT) 36) . Based on this information, the average trip distance of motorbikes was estimated to be about 20km/trip 36) , which was too high and unrealistic for Cambodia. We assumed only 10km/trip for this study. However, the average trip distance of other modes (tourist cars and buses) seemed more realistic and acceptable. In addition, this study assumed that the average trip distance of walks and bicycles was 1km/trip and 2km/trip, respectively, in 2010. The average trip distance of ships was assumed to be 36km/trip in 2010 (according to an interview with Mr. Vuthy, Director of Waterways Department of the MPWT). In that year, there was no passenger travelled by train 20) , 34) . The average trip distance of airs is assumed to be in proportion to the distance from Phnom Penh to Siemreap, which is 237km. In 2030BaU, the average trip distance of motorbikes, buses, ships, bicycles, and walks is assumed to be the same as in 2010; however, the average trip distance of tourist cars is assumed to increase by about 1.5 times due to increase of road constructions and expansions 19) . This assumption is very similar to Vietnam and Bangladesh where the average trip distance of this mode was assumed to increase due to increase of road infrastructures 16 ), 17) . The average trip distance of airs is assumed to increase by about 2 times. The average trip distance of trains is assumed to be similar to the value between 2002 and 2007, which was around 96km 34) . Under low carbon measures, the average trip distance of tourist cars, airs, ships, bicycles, and walks is assumed to be the same as in the BaU; however, the average trip distance of motorbikes and tourist cars is assumed to decrease. Besides, the average trip distance of buses and trains is also assumed to decrease thanks to the compact city development and better land use design.
(b) Freight transport
Freight transport demand (Million ton.km/year) is estimated by multiplying the output of industry (Million USD) by freight generation per industrial output (ton/USD), modal share (%*100), and average trip distance (km/trip). Freight transport generation per output of industry is computed by dividing the total amount of freight transport demand (Million ton/year) by the total output of industry (Million USD). This study assumed that the freight transport generation will increase by 1.5 times in 2030BaU and is assumed to remain the same in 2030CM. The model share of each freight transport mode is estimated by the number of freight demand of each mode (ton/year) divided by the total number of freight transport demand.
This study assumed that the share of small and big cargo trucks will decrease in 2030BaU, substituted by the increase of the share of trains and ships as the government is renovating the existing railways and also expanding several more in the future 19) , 24) . This study assumed that the share of trains will increase to 10.0% in 2030BaU. This assumption referred to the information between 2002 and 2007 35) . The government will improve the inland waterway to facilitate the ship navigation for both small and big cargo and oil tanker ships 19 ), 34) . Thus, the share of this mode is assumed to increase twice in 2030BaU from the base year. Under low carbon measures, the share of trains and ships is assumed to further increase, while the share of other modes is assumed to further decrease in 2030CM.
The information on the average trip distance of the land freight mode was estimated from the data collected from MPWT 36) . The information on the average trip distance of the train mode was collected from MPWT 34) , which was 12km/trip in 2010. The average trip distance of ships was not acquired and was assumed to be in proportion to the average distance from one port to the others, which were around 115km/trip 34) . This study assumed the average trip distance of small and big cargo trucks and ships in 2030BaU to be similar to the base year, while the average trip distance of trains in 2030BaU is assumed to be the same as the value in 2011 and 2012, which was 120km/trip 37) . Under low carbon measures, the average trip distance of small and big cargo trucks and trains is assumed to decrease in 2030CM, while the average trip distance of ships is assumed to remain the same as in the BaU.
(4) Electricity supply
Cambodia was an energy poor country with only 29.7% of the total number of households connected with national grid--almost 100% in the urban areas and around 12.3% in the rural areas in 2010 38) . In that year, around sixty-five per cent of the total national power supply was imported from Vietnam, Lao PDR, and Thailand 38) . The government has boosted and diversified energy supply sources to reduce reliance on fossil fuels for electricity generation 10), 23) . The government has also encouraged to introduce other energy sources such as biomass/biogas, wind and solar power to respond to the need of the people where the national grid cannot be accessed 10),19), 21) . The government officially disclosed that the fuel mix of power generation in 2030 23) will comprise natural gas (40%), hydropower (35%), coal (15%), import (6%), oil (3%), and renewable energy (1%). These values were used for this study in order to estimate energy demand and CO 2 emissions accordingly. Moreover, to ensure the sufficient and efficient energy supply, the government is improving energy efficiency, especially from coal and oil to be similar to some advanced countries 23) . This study assumed that the energy efficiency of coal and oil will increase from 33.0% and 32.5%, respectively, in 2010 to 38% in 2030BaU 10) . Similarly, the efficiency of gas is assumed to be 46.0% in 2030BaU, which is similar to some developed countries in 2008 39) . The transmission loss is assumed to decrease from 12.2% in 2010 38),40) to 7.0% in 2030BaU. This assumption was referred to the historical trends, which decreased from 14% in 2004 to 7.4% in 2012 40) . Under low-carbon measures, renewable energy (solar power) is assumed to increase its share by 5.0% with reduction of oil and coal accordingly. This is because Cambodia has very high potential for this source 41 ), 42) . The energy efficiency of coal and oil is assumed to increase to about 41.0% and 44.0% 39) , while the efficiency of gas is assumed to increase to about 52.0% in 2030CM, which is similar to the U.K and Ireland in 2008 39) . The transmission loss is also assumed to decrease to 6.5% in 2030CM 19 ), 23) .
II_7 (5) Energy demand
The total volume of energy demand was collected from the energy balance table in 2010 43) . The data used to construct this balance table was contributed by the Energy Development Department and other relevant institutions in Cambodia (according to an interview with Mr. Kunleang, Director of the Department). He stressed that energy demand by agriculture, fishery, and forestry in 2010 was not recorded due to lack of data. For this study, we assumed energy demand in this sector in 2010 to be in proportion to the incremental rate of the agricultural machines between 2009 and 2010, which increased about 1.06 times 44) . Energy demand is projected to increase due to the population growth and economic development. The government sets two long-term energy development targets; first is to achieve the 100% level of village electrification by 2020; and the second is to achieve 70.0% level of household electrification by 2030 10) . It was pointed out that energy demand would increase annually by 4.7% between 2010 and 2035 22) in which the strongest growth is the industrial sector (5.4%); followed by the transport sector (4.6%) and the residential and commercial sectors (4.4%) 22) .
(a) Energy demand in the residential and commercial sector
Energy demand in the residential sector was collected from the energy balance table in 2010 43) in which the majority of energy consumption derived mainly from biofuels/waste. For the purpose of this study, we assumed that 5.0% of energy demand from petroleum products and biofuels/waste in this sector was used (allocated) in the commercial sector because the energy balance table of the country 43) shows that only the electricity was considered as the primary source of energy supply for the commercial sector, which didn't seem to reflect the real situation in Cambodia as this sector also covered a lot of hotels and restaurants, which consumed a certain amount of petroleum products and biofuels/waste for cooking. There were around 440 hotels and 1,087 guesthouses in 2010 and most of them served food for their clients 20) by using petroleum products and biofuels/waste. Hence, we assumed that 5.0% of petroleum products and biofuels/waste of the residential sector were used in the commercial sector. Furthermore, energy demand in the residential and commercial sectors are expected to increase due to the population growth, increased incomes of the people, improvement of energy access, and the diffusion of electric appliances to advance the living standards 10),19), 20) . This study assumed that energy demand in these sectors will grow annually by 4.4% 22) between 2010 and 2030BaU. Under low carbon measures, energy savings and conservation are chosen. Cambodia was expected to reduce energy consumption by 20.0% between 2009 and 2035 by implementing only energy saving behaviors 10) . Thus, this study assumed that energy demand in these sectors will decrease by 20.0% in 2030CM 10) through implementing energy saving behaviors alone. Besides, other measures that contribute to reducing energy demand are also introduced (see Table 3 ).
(b) Energy demand in the industrial sector
Energy demand in this sector was collected from the energy balance table in 2010 43) . Since energy demand by industries was not fully grasped, we assumed it to be in proportion to the intermediate input of each industry of the IO table in 2010. The government set an ambitious economic development target to promote industrial growth; thus, energy demand in this sector is expected to increase significantly in the future. This study assumed that energy demand in this sector will grow annually by around 5.4% between 2010 and 2030BaU 22) . Under low carbon measures, energy savings and conservation are chosen. Cambodia was expected to reduce energy consumption by 20.0% between 2009 and 2035 by implementing only energy saving behavoirs 10) . Hence, this study assumed that energy demand in this sector will decrease by 20.0% in 2030CM 10) by implementing energy saving behaviors alone. Besides, other measures that contribute to reducing energy demand are also introduced (see Table 3 ).
(c) Energy demand in the transport sector
Energy service sectors of passenger and freight transport are transport modes. Energy demand from the transport sector was obtained from the energy balance table in 2010 43) . Since the balance table expressed energy demand only for road, rail, inland waterway, and air 43) , etc., this study assumed energy demand of each energy service sector to be in proportion to the average vehicle distance multiplied by fuel efficiency of each mode, which collected from MPWT 36) . Energy demand in this sector is expected to increase substantially in the future 22) .
RESULTS
This Chapter explains the result of the estimation by using the ExSS tool based on the socioeconomic assumptions in the Chapter 3.
(1) Primary energy supply Total primary energy supply is projected to increase to around 19.33Mtoe/year in 2030BaU. Under low carbon measures, it is expected to decrease to about 8.50Mtoe/year in 2030CM. Table  5 shows primary energy supply in Cambodia. The result yields that biofuels/waste and petroleum products, which were the highest shares of the primary energy supply in 2010 remain the dominant sources, covering around 58.16% and 32.13%, respectively, in 2030BaU. The result also indicates that natural gas is the highest fuel source of power generation, accounting for around 0.40Mtoe/year; followed by hydropower, accounting for about 0.35Mtoe/year in 2030BaU. 
(2) Final energy demand
Final energy demand is projected to increase to about 18.37Mtoe/year in 2030BaU. Under lowcarbon measures, it is expected to decline to around 8.18Mtoe/year in 2030CM (about 55%). The majority of energy reduction is due mainly to the introduction of advanced technology devices coupled with other low carbon measures as indicated in Chapter 2. Table 6 shows final energy demand by energy demand sectors. The result indicates that energy consumption per capita will increase to about 999koe/year in 2030BaU and is expected to decrease to around 445koe/year in 2030CM. However, GDP (at 2000 constant price) per unit of energy is projected to decrease to around 1.58koe/USD/year in 2030BaU from about 1.71koe/USD/year in 2010.
Energy demand in the residential sector is projected to increase about 2.9 times, while energy demand in the commercial sector is projected to increase about 6.5 times in 2030BaU from 2010. Energy demand in the industrial sector is projected to increase about 7.6 times in 2030BaU from 2010. Energy demand in the passenger transport sector is projected to increase about 6.2 times, while energy demand in the freight transport sector is projected to increase about 5.5 times in 2030BaU compared to the base year.
(3) Total CO 2 emissions and reduction potentials
The ExSS tool is used to estimate CO 2 emissions based on fuel inputs and domestic energy demand; however, if the government plans to export the electricity, CO 2 emissions will be calculated exogenously 13) . CO 2 emissions are projected to increase to about 23.28MtCO 2 /year in 2030BaU; however, under low carbon measures, they are expected to decrease to about 10.45MtCO 2 in 2030CM ( Table 7 ). The result indicates that CO 2 emissions per capita are expected to increase to around 1.27tCO 2 /year in 2030BaU and are expected to decrease to roughly 0.57tCO 2 /year in 2030CM by adopting some low carbon measures, while CO 2 emissions per GDP were around 0.36kgCO 2 /USD/ year in 2010 and are expected to increase to about 0.52kgCO 2 / USD/year in 2030BaU; however, under low carbon measures in 2030CM, they are expected to decrease to approximately 0.23kgCO 2 /USD/year. reduce by around 0.95MtCO 2 /year in 2030CM. The appropriate low carbon measures include efficiency improvement in electric devices and insulation buildings, efficiency improvement in the power sector, and energy saving behaviors. The highest emission reduction potential can be achieved through implementing energy efficient lighting, refrigerator, and other electric equipment (Table 9 ). 
DISCUSSION
The primary objectives of this study are to propose appropriate low carbon energy measures and to assess CO 2 emissions and reductions by using the ExSS tool, which applied in some Asian countries 14) ,15),16),17), 18) and make it more suitable to apply in Cambodia.
(1) Energy sector
The result yielded that energy demand in Cambodia would increase substantially between 2010 and 2030BaU (about 4.56 times) due to the population growth and increased incomes. Similarly, energy consumption per capita (koe/year) also increased proportionally (about 3.18 times). The result indicated that the trend of the projected energy consumption per capita (koe/year) and GDP per capita of Purchasing Power Parity (PPP) at 2005 constant price in Cambodia were very similar to some Asian countries, which experienced the same economic growth (Figure 2 ). The result in Table 6 suggested that Cambodia would have a wide range of opportunities to reduce energy consumption through implementing some low carbon measures in 2030CM (reduction of around 55% compared to 2030BaU). For instance, the improvement of energy efficiency and transmission loss in the supply side could provide more electricity generation with the same fuel input. In addition, the improvement of energy efficiency, the introduction of advanced technology devices, and smart energy consumption by the end users, the people could use more devices with the same or even lower energy consumption. This result is expected to provide an insight for the government to take LCD measures into account for designing economic development plan in the future.
(2) CO 2 emissions
The result suggested that total CO 2 emissions in 2010 in this study were very similar to those of the Second National Communication (SNC) 5) in the same year; however, the projected CO 2 emissions in 2030BaU in this study were almost double those of the SNC 5) in the same years ( Figure 3 ). The differences in CO 2 emissions were due mainly to the differences in assumptions of GDP growth, energy demand and fuel mix of power generation. At the time of the SNC prepared, the Government did not formulate a concrete long-term economic development plan and the assumed GDP growth rate in the SNC was lower than the current Government's one 5), 19) . Besides, fuel mix of power generation in this study comprised natural gas (40.0%), hydropower (35.0%), and coal (15.0%) 23) ; in contrast, the SNC were dominated by hydropower (68.0%), coal (15.0%), and natural gas (8.0%) 5) . In addition, the result indicated that Cambodia could limit CO 2 emissions by adopting energy efficiency improvement, fuel switch, advanced technologies, and modal shift, etc. In doing so, the country must have sufficient financial support and human resources 1),11), 12) . The result indicated that per capita CO 2 emissions in Cambodia were lower than some Association of South East Asian Nations (ASEANs) in 2010 45) . Moreover, the projected CO 2 emissions per capita in 2030BaU were still far behind some countries in Asia in 2010 such as China (11.66tCO 2 ), Japan (8.89tCO 2 ), Republic of Korea (11.42tCO 2 ), Malaysia (6.46tCO 2 ), and Singapore (12.66 tCO 2 ) 46) . It was indicated that the higher level of CO 2 emissions per GDP indicated a larger share of more energy intensive economic activities, the use of less energy efficient technologies, and a larger share of coal in the energy mix. CO 2 emissions per GDP (at 2005 constant price) in Cambodia in 2010 were higher than those of Singapore (0.38kg/USD) 45) ; however, they were lower than some ASEANs 45) . Furthermore, CO 2 emissions per GDP in 2030BaU were higher than those of Japan (0.24kg/USD) and the Republic of Korea (0.55kg/USD) in 2010 46) . The result suggested that Cambodia should consider renewable and clean energy as the main sources of power supply in the future to ensure sustainable economic development and low carbon growth. 
FINAL REMARKS
The analysis in this paper indicates that there is significant potential for Cambodia to reduce growth in energy consumption and CO 2 emissions by implementing some low carbon measures such as energy efficiency improvement and conservation and use of low emission technologies and fuels, etc. The result indicates that CO 2 emissions are projected to increase about 5.52 times between 2010 and 2030BaU; however, by adopting some low carbon measures, CO 2 emissions of around 55.10% are expected to reduce in 2030CM. Detailed action plans, which outline in a broad sense of how these low carbon measures can be achieved should be designed. Since it is the first assessment ever on CO 2 emissions and reductions from the energy sector in Cambodia, the result of this study is expected to provide fundamental insight and initiative to the government to formulate a concrete LCD policy in the future.
However, the trends of projections are not high predictions, a range of possible future outcomes is possible. Therefore, additional researches are also encouraged in order to provide a wide range of alternative options for decision makers to make a better design of the LCD in Cambodia with the benefit of the economic development and environmental sustainability. In short, Cambodia can move to a low-carbon paradigm to facilitate the effective medium-and long-term strategies for economic development and also to set CO 2 emissions reduction target in the long-run.
